Keywords: arteriovenous fistulae; haemodialysis Background. Complications of haemodialysis vascular patients; intravascular ultrasound imaging; percutanaccess have emerged as a major cause of patient eous transluminal angioplasty morbidity. Intravascular ultrasound imaging is a new technical modality providing visualization of the vessel lumen and wall structure in a cross-sectional fashion. Percutaneous transluminal angioplasty has long been used in the treatment of stenoses of arteriovenous Introduction fistulae. However, there is no detailed quantitative information on the stenotic lesion and the morpholo-The rapid growth of end-stage renal failure progical change by angioplasty.
Subjects and methods
The following measurements were investigated: (i) lumen diameter (mm), (ii) EEM diameter (mm), (iii) lumen CSA Patients (mm2), (iv) EEM CSA (mm2), (v) cross-sectional narrowing=((EEM CSA−lumen CSA)/(EEM CSA))×100. IVUS studies were performed in 40 haemodialysis patients The major and minor diameters of the lumen and EEM were with 63 stenotic lesion sites, including multiple stenotic measured according to the reports of Nakamura et al. [15] . lesions, who had undergone PTA. Indications for PTA were the following: (i) insufficient blood flow, defined as the inability to attain a 200 ml/min flow rate during dialysis PTA procedure sessions; (ii) increased venous pressure, defined as a pressure greater than 150 mmHg during dialysis sessions; Angiography was performed by puncturing the distal or proximal part of the stenotic lesion of arteriovenous fistulae, and (iii) development of arm oedema. In addition, indications for PTA were based on angiographic identification of stenosis or the artery. After delineation of the stenotic lesion, PTA was performed as follows: from the distal or proximal part of more than 50% compared with a normal reference. Clinical problems before angioplasty included two patients with arm of the lesion, a 22-gauge thin-wall needle was inserted and the first guide wire was passed through this needle into the oedema and seven patients who had puncture difficulty. All the patients were undergoing initial treatment with interven-vessel. A 5 Fr or 6 Fr sheath with a length of 5 cm was placed, and the patient immediately received 50 units/kg of tional therapy and had native AVF. AVF had been constructed in the forearm in 38 patients and in the upper arm heparin. Next a 0.014-or 0.018-inch guide wire was passed to the target lesion and angioplasty applied with a highin two patients. Patient age ranged from 25 to 89 years (mean 61 years) and duration of dialysis ranged from 1 to pressure balloon catheter with a diameter of 4-6 mm and a length of 2 or 4 cm. 186 months (mean 29 months). The primary renal diseases were diabetic nephropathy in 20, chronic glomerulonephritis in 12, polycystic kidney disease in two, nephrosclerosis in Statistical analysis two, and of unknown origin in four patients.
Statistical analysis was performed by paired Student's t-test.
Intravascular ultrasound
Data were expressed as the mean±standard deviation (SD). Differences were considered significant at the level of P<0.05. angiograms and ultrasound imaging before and after Qualitative analysis was performed for echogenic patterns angioplasty. Morphological plaque features in stenotic and morphological changes following PTA. Morphological lesions were classified as 37 soft sites (58%), five hard plaque features were classified as soft, hard, mixed, and sites (8%), 20 mixed sites (32%), and one calcified site. calcified according to the reports of Hodgson et al. [14] . In addition, plaque fractures were detected in 45/63 Briefly, soft plaque Á80% of the plaque area through the (71%) after angioplasty. lesion was composed of intimal echoes with less homogenous echodensity than seen in the adventitia. Hard plaque Á80% of the plaque area through the lesion was composed of dense Quantitative analysis echoes with a homogenous echodensity greater than or equal As shown in Table 1 , the major lumen diameter at the to that seen in the adventitia. No calcium was present. Mixed lesion site increased from 2.3±0.8 to 4.1±0.8 mm plaque=a plaque having bright echoes with acoustic shadowing encompassing <90°of vessel-wall circumference after angioplasty and the minor lumen diameter also or a mixture of soft and hard plaque, with each component increased from 1.9±0.7 to 3.3±0.8 mm after angioplaoccupying <80% of the plaque area through the lesion. A sty (P<0.0001). The major EEM diameter at the lesion plaque fracture was defined as an irregular thin echolucent site increased from 3.9±1.0 to 5.3±1.1 mm after angiseparation extending from the lumen for a variable length oplasty and the minor EEM diameter also increased into the plaque, including plaque dissection and intimal flaps. from 3.5±0.9 to 4.7±1.0 mm after angioplasty
Quantitative analysis was performed with computer plani-(P<0.0001). The lumen CSA at the lesion site metry and the target lesion was assessed. The vessel lumen increased from 3.8±2.4 to 11.1±4.5 mm2 after angiarea was measured by tracing the lumen-intimal border. The oplasty (P<0.0001). The EEM CSA at the lesion site external elastic membrane (EEM ) of the vessel was defined increased from 11.1±5.3 to 19.8±8.1 mm2 after angias the outer border of the sonolucent zone, which has been reported to represent media [7, 10] , and the area within the oplasty (P<0.0001). The percentage cross-sectional narrowing decreased from 64.8±14.7 to 41.9±12.2% after angioplasty (P<0.0001). is the first report on quantitative analysis of various diameters. At the lesion A, the lumen area and diameters before parameters, including the diameter and CSA of the PTA did not trace and were assessed inside the catheter as the lumen and EEM before and after angioplasty, as catheter was wedged. The major and minor EEM diameters increased from 3.6 to 4.7 mm and from 3.2 to 4.7 mm after PTA. The EEM assessed by IVUS imaging in haemodialysis fistulae.
Discussion

IVUS imaging can provide detailed information on
CSA increased from 9.1 to 16.4 mm2 and the percentage of crossVeins have thinner walls than their arterial counter-sectional narrowing decreased from 91.9 to 37.2% respectively, after parts. Histologically, veins contain an abundance of PTA. Similarly at lesion B, the major and minor lumen diameters connective tissue, whereas elastin fibres and smooth-increased from 2.5 to 4.0 mm and from 2.1 to 2.8 mm and the major and minor EEM diameters also increased from 4.0 to 4.8 mm and muscle cells occur in smaller numbers. The walls of from 3.4 to 4.8 mm after PTA. The lumen CSA increased from 4.0 veins consist of three poorly defined layers: the intima, to 9.4 mm2 and the EEM CSA increased from 10.5 to 17.6 mm2; media, and adventitia. Gussenhoven et al. [8] reported however, the percentage of the cross-sectional narrowing decreased that the walls of veins did not allow ultrasonic from 61.9 to 46.6% respectively, after PTA. Moreover, the image distinction between the intima, media, and adventitia. revealed plaque fracture at a site between 9 and 10 o'clock. *cephalic vein; **radial artery.
In our study, the echo pattern of native AVF revealed a triple layer appearance of the hyperechoic intima, the hypoechoic media, and hyperechoic adventitia. This is regarded as a result of arterialization of veins. intimal hyperplasia, atherosclerosis, and vein graft wall fibrosis, and reveals a triple-layer appearance. The phenomenon of arterial blood circulating into veins in vivo exists in saphenous vein grafts for coronary Correlation between the ultrasound examination of plaque morphology and the histological characteristics artery bypass surgery and for AVF of haemodialysis patients. Willard et al. [16 ] reported that a chronically of the corresponding vessel wall was established.
According to these reports, soft echoes are reflective implanted saphenous vein graft demonstrated a variety of pathological changes, including intimal proliferation of fibromuscular tissue (intimal proliferation as well as lesions that consist of fibromuscular tissue and and atherosclerosis. IVUS can distinguish between the normal appearance of freshly harvested veins and diffusely dispersed lipid), and bright and homogeneous reported that 34 (89%) lesions had soft plaque aspect The investigation of morphological changes of angi- on the vessels. Our interest is in the increase of long-
